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(57) [Abstract] 

[Problem to be Solved] , To provide^ method and a device for manufacturing a min 
film easily by using a method in which uniform glow discharge plasma is continuously 
generated under a pressure in the vicinity of atmospheric pressure and a glow discharge 
plasma treatment is performed stably, when mamifacturing a thin film in a 
manufacturing process of a semiconductor element. 

[Means for Solving the Problem] A manufacturing method of a semiconductor 
element, wherein a material gas is introduced between opposing electrodes under a 
pressure in the vicinity of atmospheric pressure, and the material gas is changed into 
glow discharge plasma by applying a pulsed electric field between the opposing 
electrodes so that a thin, film is formed, in a process of forming a laminated body of a 
semiconductor element. • 
[Scope of Claims] 

[Claim 1] A manufacturing method of a semiconductor element, wherein a material 
gas is introduced between opposing electrodes under a pressure in the vicinity of 
atmospheric pressure, and the material gas is changed into glow discharge plasma by 
applying a pulsed electric field between the opposing electrodes so that a thin film is 
formed, in a process of forming a laminated body of a semiconductor element. 
[Claim 2] A manufacturing method of a semiconductor element according to Claim 1, 
wherein voltage rise time of the pulsed electric field is 100 \ts or less, and the field 
intensity is in a range of 10 to 1000 kV/cm. 

[Claim 3] A manufacturing method of a semiconductor element according to Claim 1 
or 2, wherein a solid dielectric is set on an opposing surface of at least one of the 
opposing electrodes, and a base material is placed between one of the electrodes and the 
solid dielectric or between the solid dielectrics, so that a thin film is formed on a surface 
of the base material. 

[Claim 4] A manufacturing method of a semiconductor element according to Claim 1 

nr ^> w Wein-a-solid^diel^^ 



electrode and an other electrode is provided opposing to the gas outlet, a base material is 
placed between the gas outlet and the other electrode, and a material gas changed into 
plasma is discharged continuously from the gas outlet so that a thin film is formed on a 
surface of the base material. 
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[Claim 5] A manufacturing method of a semiconductor element according to Claim 1 
or 2, wherein a solid dielectric is set on an opposing surface of at least one of the 
opposing electrodes, and a material gas changed into plasma is sprayed on a base 

material-between^one^of^&^ 



dielectrics so that a thin film is formed on a surface of the base material. 
[Claim 6] A manufacturing method of a semiconductor element according to Claim 1 
or 2, wherein a solid dielectric is set on an opposing surface of at least one of the 
opposing electrodes, and when a material gas changed into plasma is sprayed on a base 
material between one of the electrodes and the solid dielectric or between the solid 
dielectrics, the plasma-state gas is selectively induced to a surface of the base material 
by applying an electric field to the base material, so* that a thin film is formed on the 
surface of the base material. 

[Claim 7] A manufacturing device of a semiconductor element comprising a solid 
dielectric set on an opposing surface of at least one of opposing electrodes and a base 
material placed between one of the electrodes and the solid dielectric or between the 
solid dielectrics, wherein a pulsed electric field is applied between the electrodes. 

■ - 

[Claim 8] A manufacturing device of a semiconductor element comprising a ground 
electrode provided with a solid dielectric vessel having a gas outlet and an other 
electrode provided- opposing to the gas outlet, wherein a material gas fe discharged 
continuously from the-gas-outlet, and a pulsed-electric field is applied between the 
ground electrode and the other electrode. 

[Claim 9] A manufacturing device of a semiconductor element wherein a solid 
dielectric is set on an opposing surface of at least one of opposing electrodes and a 
pulsed electric field is applied between the opposing electrodes, and a material gas 
changed into plasma is discharged continuously from a gas outlet and sprayed on a base 
material between one of the electrodes and the solid dielectric or between the solid 
dielectrics, in a vessel having a gas introducing port and the gas outlet. • 
[Claim 10] A manufacturing device of a semiconductor element according to any on$ 
of Claims 7 to 9, wherein rise time and fall time of a pulsed electric field applied 
between the electrodes are 100 \xs or less, and the field intensity is in a range of 10 to 
1000 kV/cm. 

[Detailed Description of the Inyefl^n] ^^ — 
[0001] 

[Field of the Invention] The present invention relates to a manufacturing method and a 
manufacturing device of a semiconductor element, to form a thin film laminated body of 
a semiconductor element by atmospheric pressure plasma CVD. 
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[0002] 

[Prior Art] Usually, the general structure of a semiconductor element comprises a 
substrate 1, a silicon film 2, a source electrode 3, a drain electrode 4, an interlayer 
insulator 5, a gate d^Ox^ .J ^v^v^iR film (protective film) 7 and the like, as 



shown in Fig. 1. Here, as a base material, it is formed of a glass substrate, a wafer 
substrate or the like, and as an el^ct^de, it is formed of metal such as Al and Cu, a 
metal compound or the like. A passivating film and an interlayer insulator is formed 
of silicon oxide, silicon nitride, silicon carbide or the like, and a silicon layer is formed 
of an a-Si layer, and ^ material such as a-Si doped withP, B, As, Ge and the like. 
[0003] A semiconductor element is manufactured by complicated processes as 
follows: the above-described materials are combined according to the requested 
function, a base material and the like is cleaned, thin films such as an electrode, an 
insulating film and a silicon layer are formed thereon, doping, annealing and resist 
treatments (coating, development, baking, resist removing and the like, for example) are 
performed, and exposure, development, etching and the like are repeated. In these 
manufacturing processes, thin film formation such as formation of an insulating film, a 
protective film, an electrode and a silicon film is important, and a plasma treatment 
method is mainly used as the formation method. , 

[0004] As a method of t hin fi lm formation, there are low-pre ssure plasma CVD % 
atmospheric pressure thermal 1CVD, vapor deposition, sputtering and the like, generally. 
As for conventional atmospheric pressure plasma CVD, the gas kind is limited to under 
a helium atmosphere and the like. For example, a method in which the treatment is 
performed under a helium atmosphere is disclosed in Japanese Patent Laid-Open 
Publication No. 2-48626, and a method in which the treatment is performed under an 
atmosphere of argon and acetone and/or helium is disclosed in Japanese Patent 
Laid-Open Publication No. 4-74525. 

[0005] However, the above-described methods all generate plasma in a gas 
atmosphere including an organic compound such as helium and acetone, and the gas 
atmosphere is limited. In addition, helium is expensive, which is industrially 
disadvantageous. In the case where an organic compound is included, the organic 
compound itself often reacts with a substance to be treated, so that a desired surface 
reformulation treatment cannot be performed sometimes. 



[0006] Furthermore, with the conventional method, the treatment speed is slow, which 
is disadvantageous for industrial processes. In addition, in the case of forming a 
plasma polymer film and the like, the film disintegration speed is higher than the film 
formation speed, which leads to a problem that a good-quality thin film cannot be 
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obtained. , 

[0007] 

[Problem to be Solved by the Invention] In view o^the above-described problems, the 
object of the present invention is to provide a method and the device with which a thin 
' film is easily manufactured on a semiconductor element, using a method in which 
uniform glow discharge plasma is generated contiguously under a pressure in the 
vidinity of atmospheric pressure and a glow discharge plasma treatment is performed 
stably, when manufacturing a thin film in a semiconductor element manufacturing 

• * 

process: 

[0008] , 

[Means for Solving the Problem] The present inventors studied diligently to solve the 

above-described problem, and as a result, found out that a thin film can be formed easily 

■ 

by a discharge plasma method which realizes a stable state of discharge under an 
atmospheric pressure condition, then completed the invention. !■ 
' [0009] That is, the first invention (the invention of Claim 1) is a manufacturing 
method of a semiconductor element, wherein a material gas is introduced between 
opposing electrodes under a pressure in the vicinity of atmospheric pressure, and the 
material gas is changed into glow discharge plasma by applying a pulsed electric field 
between the opposing electrodes so that a thin film is forined, in a process of forming a 
laminated body of a semiconductor element. 

[0010] The second invention (the invention of Claim 2) is a manufacturing method of 
a semiconductor element according to Claim 1, wherbin voltage rise time of the pulsed 
electric field is 100 jis or less, and the field intensity is in a range of 10 to 1000 kV/cm. 
[0011] The third invention (the invention of Claim 3) is a manufacturing method of a 
semiconductor element according to Claim 1 or 2, wherein a solid dielectric is set on an 
opposing surface of at least one of the opposing electrodes, and a base material is placed 
between one of the electrodes and the solid dielectric or between the solid dielectrics, so. 
that a thin film is formed on a surface of the base material. f . 

[0012] The fourth invention (the invention of Claim 4) is a manufacturing method of a 
semiconductor element according to Claim 1 or 2, wherein a solid dielectric vessel 
provided with a gas outlet is placed on an electrode and an other electrode is provided 
opposing to the gas outlet, a base material is pl aced between the gas_ outlet and the other 
electrode, and a material gas changed into plasma is discharged continuously from the 
gas outlet so that a thin film is formed on a surface of the base material. 
[0013] The fifth invention (the invention of Claim 5) is a manufacturing method of a 
semiconductor element according to Claim 1 or 2, wherein a solid dielectric is set on an 
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opposing surface of at least one of the opposing' electrodes, and a material gas changed 
into plasma is sprayed' on a base material between one of the electrodes and the solid 
dielectric or between the solid dielectrics so that a thin film is formed on a surface of the 
base material. . ' r __ 

[0014] The sixth invention (the invention of Claim 6) is a manufacturing method of a 
semiconductor element according tp Qfum 1 or 2, wherein a solid dielectric is set oA an 
opposing surface of at l?ast one of the opposing electrodes, and when a material gas 
changed into plasma is sprayed on a base material between one of the electrodes and the 
solid dielectric or bptween the solid dielectrics, the plasma-state gas is selectively 
induced to a surface of the base material by applying an electric field to the base 
material, so that a thin film is formed on the surface of the base material. 
[0015] The seventh invention (the invention of Claim 7) is a manufacturing device of 
a semiconductor element comprising a solid dielectric set on an opposing surface of at 
least one of opposing electrodes and a base mfaterial placed between one of the 
electrodes and the solitf dielectric or between the solid dielectrics, wherein a pulsed 
electric field is applied between the electrodes. 1 , 

[0016] The eighth invention (the invention of Claim 8) is a manufacturing device of a 
semiconductor element comprising; a ground electrode provided with a solid dielectric 
vessel having a gas outlet and an other electrode provided opposing to the gas outlet, 
wherein a material gas is discharged continuously from the gas outlet, and a pulsed 
electric field is applied between the ground electrode and the other electrode. 
[0017] The ninth invention (the invention of Claim 9) is a manufacturing device of a 
semiconductor element wherein a solid dielectric is set on an opposing surface of at 
least one of opposing electrodes and a pulsed electric field is applied between the 
opposing electrodes, and a material gas changed into plasma is discharged continuously 
from a gas outlet and sprayed on a base material between one of the electrodes and the 
solid dielectric or between the solid dielectrics, in a vessel having a gas introducing port 
and the gas outlet. 

[0018] The tenth invention (the invention of Claim 10) is a manufacturing device of a 
semiconductor element according to any one of Claims 7 to 9, wherein rise time and fall 
time of a pulsed electric field applied between the electrodes are 100 [xs or less, and the 
field intens ity is in a range of 10 to 1000 kV /cm. 

[0019] ~~ 
[Embodiment Mode] Manufacture of a thin film of a semiconductor element of the 

invention is an atmospheric pressure plasma method in which a material gas is excited 

and disintegrated using plasma generated by applying a pulsed electric field under a 
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pressure in the vicinity of atmospheric pressure. In more detail, a method in which a 
* — ■ v * """"electrodes, a 



solid aieieciric » ^ — "ff ° — . . 

base material is placed between the opposing electrodes, and an electric field is apphed 
^be^en^^tr^es^o^A^L^^^ri^ treatment is performed^ Anda 

_ _ '« . • .1 za^a „»;4k o noc nutlet i« nlaced on an 



DCiWCcn^ui^^^vH^ v ^ "- w "-°^cr^ — , 

method in which a solid dielectric vessel provided with a gas outlet is placed on an 
electrode, an electric field is applied between electrodes, and an excited material gas is 
continuously discharged from the gas outlet so that a base material is treated, and a 
method in which an excited material gas generated between the electrodes is sprayed on 
a base material. In addition, it is an atmospheric pressure discharge plasma treatment 
method and the device characterized in that the electric field to be applied is pulsed, the 
voltage rise time is 100 us or less, and the field intensity is in a range of 10 to 1000 
kV/cm. 1 

[0020] It is known that a plasma discharge condition is not maintained stably and the 
transfer to an arc discharge condition occurs quickly with gases other than specific 
gases such as helium and ketone, under a pressure in the vicinity of atmospheric 
pressure. However, it is believed that, by applying a pulsed electric field, a cycle in 
which the discharge is stopped before the transfer to an arc discharge occurs and the 
discharge is restarted is realized. 

[0021] Under a pressure in the vicinity of atmospheric pressure, it is possible that 
discharge "plasma is gVuIfaTed stably in an atmosphere which does not include a 
component that the time before a plasma discharge condition changes into an arc 
discharge condition is long such as helium, only when the method of the invention m 
which a pulsed electric field is applied is used. 

[0022] According to the present invention, glow discharge plasma can be generated no 
matter what kind of gas exists in the plasma generation space. Not only with a known 
plasma treatment under a low pressure condition but also with an atmospheric pressure 
plasma treatment under a particular gas atmosphere, it is necessary to perform the- 
treatment in a closed vessel sealed from outside air. However, according to the glow, 
discharge plasma treatment method of the invention, a treatment with an open system, 
or with a low airtight system which prevents the gas from outflowing freely becomes 

possible. 

fmr n Eiuthermorg, a hiph-densitv plasma state can be realized by a treatment under 



an atmospheric pressure, which is highly significant in performing a manufacture 
process of a semiconductor element such as a consecutive processing. For realizing 
the above-described high-density plasma state, two functions which the invention has 
are related. 
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[0024] First, a function that gas molecules existing in the plasma generation space are 
excited effectively by apjplying a pulsed electric field having precipitous rise whose 



them. Applying a pulsed electric field with slow rise is equivalent to putting energy 
with different sizes in a phased manner, and molecules which are ionized with low 
energy, thkt is, molecules with smal^^rst ionizing potential, are excited preferentially 
first, and next, whpn higher energy is put, molecules which have been already ionized 
are excited to a higher level, so that it is difficult to ionize molecules existing in the 
plasma generation space effectively. On the other hahd, according to a pulsed electric 
field whose rise time is 100 fis or less, energy is given to molecules existing in the space 
simultaneously, so the absolute number of molecules in an ionized -condition in the 
space is large, which means the plasma density is high. 

[0025] Second, a function that molecules having more electrons than helium, that is, 
molecules with higher molecular weight than helium are selected as the ambient gas 

i 

since plasma of a gas atmosphere other than helium can be obtained stably, and as a 
result, a space with a high electron density is realized. Generally, molecules having 

more electrons are ionized more easily. As described above, helium is a component 

, * 

which is not ionized easily, but after once ionized, it does not reach arc and exists for a 
long time in a glow , plasma state, therefore it has been used as an ambient gas for 
atmospheric pressure plasma. However, as long as the discharge condition is 
prevented from changing into arc, molecules with larger mass number which are ionized 
easily are used so that the absolute number of molecules in an ionized-condition in the 
space can be large and the plasma density can be heightened. With a prior art, it is 
impossible to generate glow discharge plasma except under an atmosphere where 
helium exists 90 % or more. Only Japanese Patent Laid-Open Publication No. 
4-74525 discloses a technique in which a discharge is performed by sin wave in an 
atmosphere made of argon and acetone. However, according to the present inventor's 
additional test, a stable and high-speed treatment cannot be performed at a practical 
level. In addition, since the atmosphere contains acetone, a treatment except 
hydrophilic object is disadvantageous. 
-[m2fi]_ As-described_aboy.e.„the_present„iny_entio 



under an atmosphere where molecules having more electrons than helium exist 
excessively, more specifically, under an atmosphere containing compounds with 10 or 
more of molecular weight at a rate of 10 volume % or more, for the first time, and by 
this, a high-density plasma state advantageous for a surface treatment is realized. 
[0027] "Under a pressure in the vicinity of atmospheric pressure" described above 
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means under a pressure in a range of 1333x10* to 10.664xl0 4 Pa. Especially, a range 
of 9331xl0 4 to 10397xl0 4 Pa where pressure control is easy and the device can be 

* * 

simple is preferable. 



[0028] The first plasma treatment method of the invention (the invention of Claim 3) 
is performed in a device where a pair of opposing electrodes are provided and a solid 
dielectric is set on at least one of the opposing surfaces of the electrodes. A site where 
plasma is generated is between the solid dielectric and the electrode in the case where 
the solid dielectric is set on one of the electrodes, and between the two solid dielectrics 
in the case where the solid dielectric is set on each of the electrodes. The treatment is 
performed, placing a base material between the solid dielpctric and the electrode or 
between the two solid dielectrics. 

[0029] An example of a device for performing a surface treatment is shown in Fig. 2. 
In this device, electrode opposing surfaces of an upper electrode 12 and a lower 
electrode 13 are coated with solid dielectrics, and discharge plasma is generated in a 
space between the upper electrode 12 and the lower electrode 13. A vessel 10 is 
provided with a material gas introducing port 16 and a gas exhaust port 19. A material 
gas is supplied from a material gas supply part 161 through the material gas introducing 
port 16 to the d ischar ge plasma generation space, and exhausted outside of the vessel 10 
from the gas_ exhaust port _19. In the present treatment, a part which has 'contact with 
the generated discharge plasma is treated, so an upper surface of a substance to be 
treated 15 is treated in the example of Fig. 2. In the case where the both surfaces of 
the substance to be treated should be treated, the substance to be treated is set floating in 
the discharge plasma generation space. 1 

[0030] It is preferable that the material gas is supplied uniformly in the plasma 
generation space. In the device of Fig. 2, the material gas introducing port 16 has a 
rectifying mechanism of a gas flow, and the gas is exhausted from the gas exhaust port 
19, so that the gas flow in the plasma generation space is made uniform. 
[0031] As a material for the above-described vessel 10, resin, glass and the like can be 
used for example, but not limited to these specially. As long as insulation from the 
electrode is made, metal such as stainless and aluminum can be used. 

Asthe ^aboverdescribed.electrodes, ones„fonneAofa metal such as copper and 




aluminum, an alloy such as stainless and brass, an intermetallic compound and the like 
can be used, for example. The above-described opposing electrodes preferably have a 
structure in which the distance between the opposing electrodes is roughly constant, to 
prevent generation of an arc discharge due to electric field concentration. A parallel 
plate type, a cylindrical opposing plate type, a spherical opposing plate type, hyperbolic 
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opposing plate type, a coaxial cylindrical structure and the like can be cited as an 

electrode structure which meets the condition. 

* 

[0033] The above-described solid dielectric is set on one of or both of the opposing 



surfaces of electrodes^ ATtfiistimeTthe solidHielectric and"ffiFelectrode on whlcFthe^ 
solid dielectric is set are attached firinly to each other, and the opposing surface of the 
electrode Jiaving contact is perfectly covered. Because, when there is some part that is 
not covered with the solid dielectric so that the electrodes oppose to each other directly, 
an arc discharge occurs from there. 

[0034] The shape of the above-described solid dielectric may be sheet-like, or 

film-like, and the thickness is preferably in a range of 0.01 to 4 mm. When it is too 

thick, a high voltage is required to generate discharge plasma, and when it is too thin, a 

* * * ■ ■ 

dielectric breakdown occurs when a voltage is applied and accordingly an arc discharge 

is easily generated. 

[0035] As the material of the above-described solid dielectric, for example, plastic 
such as polytetriafluoroethylene and polyethylene terephthalate, glass, metal oxide such 

as silicon dioxide, aluminum oxide, zirconium dioxide and titanium dioxide, double 

. ...... 

oxide such as barium titanate, a bilayer of these and the like can be used. 

[0036] Furthermore, the above-described solid dielectric is preferably one with 



relative dielectric constant of 2 or more (under a 25 °C environment, and hereinafter the 
same). Polytetrafludfoethylene, glass, a metal oxide film can be cited as specific 
examples of a dielectric whose relative dielectric constant is 2 or more. Furthermore, 
to generate high-density discharge plasma stably, it is preferable to use a solid dielectric 
whose relative dielectric constant is 10 or more. Although the upper limit of the 
relative dielectric constant is not limited specially, in actual materials, approximately 
18,500 are known. As a solid dielectric whose relative dielectric constant is 10 or 
more, one formed of a metal oxide film in which titanium oxide 5 to 50 % by weight 
and aluminum oxide 50 to 95 % by weight are mixed, or a metal oxide film containing 
zirconium oxide is preferable. 

[0037] The distance between electrodes described above is decided arbitrarily, 
considering the thickness of the solid dielectric, the size of the voltage applied, object of 
using plasma and the like, and it is preferably in a range of 0.1 to 50 mm, and more 



inn 



or less, wnen it is over 50 mm, it lS^ifficulOo generate uniform 



preferably, 5 
discharge plasma. 

[0038] Furthermore, the second plasma treatment method of the invention (the 
invention of Claim 4) is a treatment method in which a solid dielectric vessel provided 
with a gas oudet is set on one electrode (ground electrode), an other electrode is set 
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opposing to the gas outlet, a base material to be treated is placed between the gas outlet 
and the other electrode, a material gas is continuously discharged from the gas outlet, 
and at the same time an electric field is applied between the one electrode and the other 

^ecti^rsonhat^dfe^ 1 - ' 

[0039] For example, Fig. 3 is a diagram showing a cross section of an example of a 
discharge plasma treatment device using an excited gas spurted from between 
generation electrodes. In Fig. 3, numeral 11 is a power supply, 12 is an applying side 
electrode, 13 is an other electrode, 14 is a solid dielectric vessel, 15 is a base material to 
be treated, 16 is a gas introducing port to introduce a material gas into the solid 
dielectric vessel, 17 is a gas outlet, and 18 is a jig to change the distance between one 
electrode and the other electrode. ,« ' ' 

[0040] In a method using a solid dielectric vessel of the invention, discharge plasma is 
generated in the solid dielectric vessel 14 by applying an electric field petween the 
electrode 12 and the electrode 13 in the state where a material gas is introduced into the 
solid dielectric vessel 14. The gas in the solid dielectric vessel 14 is spurted from the 
gas outlet 17 toward the base material to be treated 15, and components of the material 
gas excited to be in a plasma state have contact with a surface of the base material to be 
treated 15, so that the base material is treated. Therefore, a treated part of the base 
material can be changed by changing the relative positions of the solid dielectric vessel 
14 and the base material 15, and a treatment of a large-area base material and a 
treatment of a specified part become possible by a simple device and a small amount of 
material gas. ■ 

[0041] The above-described power supply 11 is made so as to be able to apply a 
pulsed electric field. By applying a pulsed electric field of the above-described rise 
time, fall time, and field intensity, a stable discharge condition can be realized under a 
condition in the vicinity of atmospheric pressure and at low temperature. The detail of 
such a pulsed electric field will be described later. 

[0042] The shapes of the above-described one electrode 12 and other electrode 13 are 
not limited specially, and they may be curved surface shapes such as cylindrical and* 
spherical, besides the plate shape shown in the figure. 

[0043] The distance from the central part of the above-described discharge space to 
thebiherele^^ 

part of the gas outlet 17, is decided arbitrarily, according to the wall thickness and 
material of the solid dielectric vessel 14, the wall thickness and material of the base 
material 15, the size of a voltage applied and the like, and it is preferably in a range of 
0.5 to 30 mm. When it is over 30 mm, a high voltage is required and the discharge 
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condition easily changes into an arc discharge, so that it becomes difficult to treat the 

surface uniformly. 

[0044] The shape of th<e solid dielectric vessel 14 used in the invention is not limited 
^ecMl^and^^ay^e-s^ia^ej cylindriralHspherical-andahe-like, for example 
[0045] The above-described solid dielectric vessel 14 is provided with the one 
electrode 12. Figs. 4 and. S .are diagrams showing examples of placement of the one 
electrode and the solid dielectriq ves§pl. In the case where the solid dielectric vessel 
14 is square-shaped, the one electrode 12 may be placed on a surface other than the one 
where a gas outlet 17 is provided. The wall thickness of the solid dielectric vessel 14 
surface where the one electrode 12 is placed is preferably in a range of 0.03 to 30 mm. 

When it is less than 0.03 mm, dielectric breakdown occurs when a high voltage is 

■ 

applied, which sometimes leads to an arc discharge, 

[0046] The above-described solid dielectric vessel 14 is provided with the gas 
introducing port 16 and the gas outlet 17. The shape of the gas outlet 17 is not limited 
specially, and slit-like one, one formed of many openings, headland-like one formed of 
a solid dielectric vessel- and the like can be cited as the examples. Fig. 6, 7 and 8 are 
diagrams showing examples of the gas outlet 17. « 
[0047] Furthermore, as for the solid dielectric vessel of the invention, the solid 
dielectric vessel itself may have a gas storage capacity, other than one having a gas 
introducing port showp in Fig. 3. 

[0048] The jig 18 of Fig. 3 can change the distance between the other electrode 13 and 
the gas outlet 17 with complete control. By the jig 18, in the case where the base 
material to be treated < 15 is a large-area substance, the surface treatment can be 
performed, continuously moving it while keeping the distance between the other 
electrode 13 and the gas outlet 17 constant, for example. In the case where only a part 
of the base material 15 is to be treated, a continuous surface treatment, a partial surface 
treatment and the like can be performed, changing the distance between the other 
electrode 13 and the gas outlet 17 with complete control. However, when the distance 
between the gas outlet 17 and the base material to be treated 15 is too long, probability 
of contacting air increases and the treatment efficiency decreases, so, attention is 

required. 

g^Furthennore,4he=thkd^ 



of Claim 5) is a method in which a solid dielectric is set on an opposing surface of at 
least one of opposing electrodes, and a material gas excited between one of the 
electrodes and the solid dielectric or between the solid dielectrics is sprayed on a base 

* 

material, so that a thin film is formed on the base material surface. 
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[0050] An example of the device is shown in Fig. 9. In a vessel 10 having a gas 
introducing port 16 and a gas outlet 17, a solid dielectric is set on at least one opposing 
surface of opposing electrodes 12 and 12', and a material gas excited between one of the 

electmdeS ^dOhe^S^id HiVlfifftrir nr hetween the twn solid dielectrics is COntUlUOUSl 

discharged in the direction of the arrow, and sprayed from the gas outlet 17 on the 
surface of a film-like of plate-like base material 21 moving by rolls, so that a thin film 
22 is formed on the base material. 

[0051] ' In the thin film formation by this method, a semiconductor element and the 
like on which a film is formed is not exposed to the' high electric field plasma space 
directly, 1 and the gas in a plasma state is carried only to the surface, to form the thin film. 
So, this is a preferable method in which electric and thermal burdens are decreased. 
[0052] Furthermore, in the third method of the invention, by putting an electric field 
to the base material, the gas in a plasma state is induced selectively to the base material 
surface so that a thin film is formed (the invention of Claim 6). As for the 
above-described electric field, a pulsed or high-frequency electric field, a continuous 
wave, a constant electric field load (setting a voltage constant, and the like) and the like 
can be cited as the examples. For example, a power supply 11 is connected to a base 
material 21 and a pulsed electric field and the like is applied, as shown in Fig. 10. 
[0053] Hereinafter,_a pulsed.electric field of the invention_will be described. An 
example of a-pulse voltage waveform is shown in Fig._ll._ Waveforms (a) and (b) are 
an impulse type, a waveform (c) is a pulse type, and a waveform (d) is a modulation 
type. Although the voltage apply of repetitions of positive and negative is shown in 
Fig. 11, a pulse of the type in which a voltage is applied to either positive or negative 
polarity side may be used. Furthermore, a pulsed electric field where a direct current 
is superimposed may be applied. The waveform of a pulsed electric field of the 
invention is not limited to the ones described here, arid modulation may be performed 
using pulses with different pulse waveforms, rise time and frequency. The 
above-described modulation is suitable for performing a high-speed continuous surface 

treatment. ' 
[0054] The rise and fall time of the above-described pulsed electric field is 100 \xs or 
less, and preferably 10 us or less. When it is over 100 us, the discharge condition 



becx>mes-unstable, -easily- changmg^ into arc,_and it becomes difficult to obtain a 
high-density plasma state by a pulsed electric field. In addition, the shorter the rise 
time and the fall time are, the more efficiently ionization of the gas when plasma is 
generated occurs. However, it is difficult to realize a pulsed electric field whose rise 
time is less than 40 ns. More preferably, it is in a range of 50 ns to 5 us. Here, rise 
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time means the time when a yoltage (absolute value) continuously increases, and fall 
time means the time when a voltage (absolute value) continuously decreases. 
[0055] Furthermore, the fall time of the pulsed electric field is preferably precipitous, 
and„in, the ,. sam ejway _asjh ^^ _us jor less. 

Although it differs depending on a pulsed electric field generation technique, the rise 
time and the fall time can be set as the same time, in the case of the power unit used in 
the embodiment, of the invention^ fpr^ample. '• . 

[0056] The field jnten^ity of the above-described pulsed electric field is in a range of 
10 to 1000 kV/cm, and preferably in a range of 20 to 300 kV/cm. When the field 
intensity is less than ,10 kV/cm, too much time is required for the treatment, and when it 
is over 1000 kV/cm, an arc discharge is easily generated. 

[0057] The frequency of the above-described pulsed electric field is preferably 0.5 
kHz or more. When it, is less than 0.5 kHz, too much time is required for the treatment 
since the plasma density is low. The upper limit is not limited specially, and high 
frequency zone such as 13.56 MHz which is regularly used and 500 MHz which is used 
on a trial bases is all right. Considering obtaining load matching easily and handling, 
500 kHz or less is preferable. By . applying a pulsed electric field like thi?, the 
treatment speed can be greatly improved. 

[0058] Furthermore, one pulse duration in the above-described pulsed electric field is 
preferably 200 jxs or less, and more preferably in a range of 3 to 200 jis. When it is 
over 200 fis, it becomes easy to change into an arc discharge. Here, one pulse duration 
means a continuous ON time of one pulse in a pulsed electric field made of repetitions 
of ON and OFF, as shown with the example in Fig. 11. 

[0059] Due to the characteristics above, the device of the invention can perform thin 
film formation such as electrode formation, iriterlayer insulating film formation, 
passivating film (protective film) formation and Si-film formation on a substrate 
respectively, by changing the gas kind, electric field condition, film formation 
environment and the like, when manufacturing a semiconductor element. 
[0060] For example, as a material gas for forming an electrode film, a material gas of 
a metal-hydrogen compound, a metal-halogen compound, a metal alkyl compound and 
the like of metals such as Al, Cu, Si, Ti and Sn, an organic aluminum compound gas Q r 
the like, for example, can be used so asJo form a metal film. In addition, for a metal 
oxide thin film such as an interlayer insulating film, a material gas of a metal-hydrogen 
compound, a metal-halogen compound, an alkyl metal compound and the like with 
oxygen or an alcoholate gas can be used so as to form a metal oxide thin film such as 
Si02, T1O2 and Sn0 2 . For a passivating film as the last insulating film of interlayer 
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insulating films, a gas which mainly forms a silicon' nitride film, such as a slane-series 
gas and a nitrogen-containing gas, for example, can be used so as to form an Si 3 N 4 film 
and the like. Furthermore, for an Si-series film, an Si-hydrogen-series gas, an 
Si-halogen-series gas, an Si-fluorine-series gas, such as silane, disilane and the likejbr 



example, can be used so as to form a thin film such as an amorphous Si film, a poly-Si 
film and an Si-C film. • By mixing an impurity gas such as GeH*, ASH3 and B2H6 with 
a silane-series gas, a thin film of an amorphous Si layer doped with P, B, As, Ge and the 
like can be formed. 

[0061] Furthermore, electric and optical functions can be added to the base material 
surface! Especially, film formation of an interlayer insulator, a passivating film and 
the like can be applied to an IC circuit, a solar cell, a switch of a liquid crystal display, 
and other semiconductor devices. 

[0062] From a standpoint of economy, safety and the like, the treatment is preferably 
performed in an atmosphere where the material gas is diluted by an inert gas. As the 
inert gas, for example, a noble gas such as neon, argon and xenon, or a nitrogen gas and 
the like may be used. They can be used separately, or two or more kinds of them may 
be mixed and used. Conventionally, a treatment under a pressure in the vicinity of 
atmospheric pressure is performed in the presence of helium. However, according to 
the me thod of the invention in which a pulse d electric field is applied, a stable treatment 
in an argon or nitrogen gas which are less expensive than helium is ♦ possible, as 
described above. 

[0063] Conventionally, under a pressure in the vicinity of atmospheric pressure, a 
treatment is performed under an atmosphere where helium exists excessively. 
However, according to the method of the invention, a stable treatment in argon or a 
nitrogen gas which are less expensive than helium is possible. Furthermore, by 
performing the treatment in the presence of such gases with high molecular weight, 
having more electrons, a high-density plasma state is realized and the treatment speed 
can be increased, which provides great industrial advantages. 

[0064] The mixing ratio of a material gas and an inert gas is decided arbitrarily by th$ 
gas kind. When concentration of the material gas is too high, extra reactions not 
contributing to the film formation easily occur. Therefore, the concentration of a 
material.gas ^,is_preferably in a range_of 0.001 to 10 volume %, andmore ^prefer^ly in at 



range of 0.001 to 0.5 volume 
[0065] With the atmospheric pressure discharge using a pulsed electric field of the 
invention, it is possible to generate a discharge directly in an atmospheric pressure 
between electrodes, not depending on the gas kind at all, and a high-speed treatment can 
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be realized by the atmospheric pressure plasma device with the mord simplified 
electrode structure and discharge procedure, and by the treatment method. In addition, 
by parameters of the pul?e frequency, voltage, distance between electrodes and the like, 

gnductoa^lemej^ 

Furthermore, selective excitation is possible by frequency control including the shape of 
a pulsed electric field applied and modulation, and it is possible to selectively improve 
the film formation speed of a , specified compound, or to control the purity of an 
impurity and the like. . ; 

[0066] Although a glow discharge plasma treatment of the invention may be 
performed heating or cooling a base material, it is fully possible at room temperature, 
and its ability of treating at lower temperature than a film forming temperature of a 
conventional method characterizes the invention. The time required for the 
above-described glow discharge plasma treatment is decided arbitrarily, considering the 
applied voltage, the material gas kind and its proportion in the mixture gas, and the like. 
[0067] 

[Embodiment] Hereinafter, the invention will be described specifically, but the 
invention is not limited to these embodiments. ♦ . 

[0068] Embodiment 1 

Parallel plate electrodes shown in Fig. 9 are usedw Alumina as a solid dielectric is 
sprayed tolTthickness, of 1 mm on an electrode 12 (made of stainless (SUS304), width 
300 mm x length 100 mm x thickness 20 mm) and an electrode 12' (made of stainless 
(SUS304), width 300 mm x length 100 mm x thickness 20 mm). The electrodes are 
set parallel with a space of 2 mm therebetween, and a polyimide film (size: 100 x 100 
mm, thickness: 50 jjtm) is set as a base material on which a film is formed in a position 5 
mm away from an outlet. 

[0069] Exhaust is performed by an oil-sealed rotary pump until the inside of the 
device becomes 1.333 x 10 2 Pa. Next, after the inside of the device is made to be 
10.13 x 10 4 Pa by an argon gas, a mixed gas made by diluting silane 0.1 % and 
hydrogen 1 % with an argon gas is introduced into the device from an introducing tube 
16, as a material gas. Using the pulse shape of Fig. 11 (a) between the electrode 12 
and 12', film formation is performed under the conditions of pulse rise speed 5 |is, 
fr^miencv 10 Idfe.^ of ah amorphous Si 



thin film is seen on a film. The firm forming speed at this time is 30 nm/min. 
[0079] Comparative Example 1 

In Embodiment 1, using a sine wave of 150 MHz as an electric field applied, using 
helium as a carrier gas, using silane 0.1 % and hydrogen 1 % mixed as a material gas, 
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and setting other conditions the same as the embodiment, an amorphous Si thin film is 
formed on a polyimide film. Generation of the amorphous Si thin film can be seen, 
but the film forming speed is 6 nm/min. 
=^^ [0Q?^^€ompaaBtiive^amp lc^— 

Using the device of Fig. 9, inline film formation is performed. Electrodes coated with 
a solid dielectric are set parallel with a space of 2 mm therebetween, an argon gas with 
TEOS 0.3 % and oxygen 20 % mixed in is used as a material gas, a pulsed electric field 
is applied under the same conditions as Embodiment 1, and the material gas in a plasma 
state is sprayed on a stainless base material from a gas outlet 17. As a result, an SiC>2 
film is formed on a base material, and the film forming speed is 100 nm/min. 
[0072] '. - 

[Effect of the Invention] According to a manufacturing method of a semiconductor 

element of the invention in which a pulsed electric field is applied, uniform discharge 

* ■ * ■ 

plasma can be generated stably under a pressure in the vicinity of atmospheric pressure, 

regardless of gas atmosphere. Therefore, all thin films required for a semiconductor 
element, such as an electrode, an interlayer insulator, a passivating film, and an Si film, 
can be formed easily. In addition, the method of the invention can reduce the cost of 
equipment, compared to a conventional low pressure method. Furthermore, a low cost 
gas such as argon and a nitrogen gas can be used, instead of a high cost gas such as 
helium. In addition, high speed productivity can be achieved since higH speed film 
formation by high-density plasma is possible, and a high-level treatment in a short time 
is possible, especially a treatment at low temperature is possible, which has great 
significance for performing industrial processes such as a high speed continuous 
treatment. 

[Brief Description of the Drawings] 

Fig. 1 is a diagram describing a structure of a semiconductor element. 

Fig. 2 is a cross-sectional view showing an example of a discharge plasma 
treatment device of the invention. 

Fig. 3 is a cross-sectional view showing another example of a discharge plasma* 

treatment device of the invention. 

Fig. 4 is a diagram of an example of arrangement of a solid dielectric vessel 
— — and one elec^ — — - ^ 

Fig. 5 is a diagram of an example of arrangement of a solid dielectric vessel 

» 

and one electrode of a discharge plasma treatment device. 

Fig 6 is a diagram of an example of a gas outlet of a discharge plasma 
treatment device. 

* • ■ 
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Fig. 7 is a diagram of an example of a gas outlet of a discharge plasma 

treatment device. 1 . 

Fig. 8 is a diagram of an exariiple of a gas outlet of a discharge plasma 

-treatmenfedesd^eu — 

Fig. 9 is a diagram, of an example of a gas blowing discharge plasma treatment 

device. 

Fig. 10, is a diagram of ^ example of a gas blowing discharge plaisma 

treatment device. , ' 

Fig. 11 is a voltage waveform diagram showing an example of a pulsed electric 

field of the invention, 

[Description of Numerals] 

1: substrate 

2: silicon film 

3: source electrode 

4: drain electrode " 

# * ■ 

5: interlay er insulator M 
6: gate electrode 
7: passivating film 

. * 

10: vessel 

— . — — % . . 

11: power supply 

12: upper.electrode 

13: lower electrode , 

14: solid dielectric vessel 

15: substance to be treated 

16: material gas introducing port 

161: material gas supply part 

17: gas outlet 

18: jig 

19: gas exhaust port 
21: substrate 
22: thin film 
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(54) [Title of the ftivention] ^ „„__^_ „,„., . _ - ' ■ . , 

Discharge Plasma Treatment Method 
(57) [Abstract] ■ ' 

[Problem to be Solved] To provide atmospheric pressure plasma treatment method 
which can treat a large-area base material, capable of a uniform and high speed 
treatment, and furthermore, does not damage the base material. 

[Means for Solving the Problem] A discharge plasma treatment method in which a 

* * * 

solid dielectric is set on the opposing surface of at least one of the electrodes opposing 
to each other, under a pressure in the vicinity of atmospheric pressure, and discharge 
plasma obtained by introducing a treatment gas between the electrodes ancji applying a 
pulsed electric field is induced to a base material to be treated, which is placed outside 
the discharge space, so as to have contact with the base material to be treated. By 
adopting this method, a, large-area base material can be treated easily, and an electric 
and thermal burden' to the base material to be treated during the treatment can be 
decreased. 
[Scope of Claims] 

[Claim 1] A discharge plasma treatment method wherein a solid dielectric is set on an 
opposing surface of at least one of electrodes opposing to each other, under a pressure in 
the vicinity of atmospheric pressure, and discharge plasma obtained by introducing a 
treatment gas between the electrodes and applying a pulsed electric field is induced to a 
base material to be treated, which is placed outside a discharge space, so as to have 
contact with the base material to be treated. 

[Claim 2] A discharge plasma treatment method according to claim 1, wherein the 
opposing electrodes are parallel plate electrodes. 

[Claim 3] A discharge plasma treatment method according to claim 1 or 2, wherein the 
opposing electrodes are a combination of parallel plate electrodes in a plurality of 
groups. 

[Claim 4] A discharge plasma treatment method according to claim 1, wherein the 

opposing^electrodes are roll electrodes^ - ; ■„ — — — ^ ^ 

[Claim 5] A discharge plasma treatment method according to claim 1, wherein the 
opposing electrodes are a combination of opposing parallel plate electrodes and 
opposing roll electrodes. 

[Claim 6] A discharge plasma treatment method according to any one of claims 1 to 5, 
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therein, a guide is provided roughly vertically from a plasma outlet of plasma generated 
by the opposing electrodes towarjd a base material to be treated. 

[Claim 7] A discharge plasma treatment method according to any one of claims 1 to 6, 
wher ein the pl asma outlet of the pla sma generated by, the o pposin g electrodes is 50 mm 
or more on a side. 

' [Claim 8] A discharge plasma treatment method according to any one of claims 1 to 7, 
wherein surface roughness of the electrodes and/or the solid dielectric is 10 Jim or less. 
[Claim 9] A discharge plasma treatment method according to any one of claims 1 to 8, 
wherein a temperature of the base material to be treated is 120 °C or less. 
[Claim 10] A discharge plasma treatment method according to any one of claims 1 to 

9, wherein pulse rise and/or fall time of the pulsed electric field is 10 fis or less. 

ii ... 

[Claim 11] A discharge plasma treatment method according to any one of claims 1 to 

10, wherein field intensity of the pulsed electric field is in a range of 10 to 1000 kV/cm. 
[Claim 12] A discharge plasma treatment method according to any one of claims 1 to 

11, wherein, when plasma is brought into contact with the base material to be treated, a 
preliminary discharge is performed until a discharge condition becomes stable, and after 
that plasma is brought into contact with the base material to be treated. 

[Claim 13] A discharge plasma treatment method according to claim 12, having a 

nozzle body standby mechanism which moves a gas outlet nozzle to over a base 
• .' ■ ■ 

material surface after the preliminary discharge. ♦ 

[Claim 14] A discharge plasma treatment method according to any one of claims 1 to 

13, wherein a treatment to the base material to be treated is performed so that the both 

front and rear surfaces of the base material to be treated are treated at the same time by 

plasma from a plurality of opposing electrodes. , 

[0001] 

[Technical Field of the Invention] The present invention relates to an atmospheric 
pressure plasma treatment method under a pressure in the vicinity of atmospheric 
pressure, especially a method for treating a substance to be treated, which is located, 
away from a discharge space, with atmospheric pressure plasma. ( 
[0002] 

[Prior Art] Conventionally, a method in which surface reformulation of a substance to 

!4>e=treated^r^thin fil^^^ 

glow discharge plasma under a low pressure condition has been put to practical use. 
However, such a treatment under a low pressure condition needs a vacuum chamber, a 
vacuum exhauster and the like, so that a surface treatment device becomes expensive 
and it has been hardly used when treating a large-area substrate or the like. Therefore, 

* . * * * • 
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